Individuals can differ in how much they benefit from being in a group depending on characteristics such as their dominance rank or their behavior. Understanding which categories of individuals influence the decisions of a group could help understand which individuals are benefiting the most. We examine these ideas in wild flocks of black-capped chickadees (Poecile atricapillus), which feature stable group membership and linear dominance hierarchies. We attempt to infer which individuals are influencing group movement by examining how individuals initiate and join foraging events in relation to their dominance rank, exploratory personality type and position within a social network. We find that the influence of dominance on these behaviors heavily depends on the social connections an individual has, and that the effect of exploratory personality was small. Dominant individuals with a high eigenvector centrality were more likely to initiate a foraging event, whereas among individuals with a low eigenvector centrality this relationship was reversed, with subordinates being slightly more likely to initiate a foraging event. Analysis also suggested that individuals with a large number of strong social connections would be less affected by dominance than less social individuals. This suggests a system where individuals might adopt different foraging strategies depending on their position within a social network, and highlights the importance of individuals' social phenotype when studying group decision-making.
INTRODUCTION
Many species form social groups. However, it is clear that not all individuals will benefit from being in the group in the same way (Hamilton 1971; Ward and Webster 2016 ). An obvious example is that of individuals on the periphery of groups not receiving the same anti-predation benefits as those in the center of a group (Hamilton 1971; Dostie et al. 2016) . Exactly how much benefit an individual can gain from being in a group will therefore depend on numerous factors. An obvious factor is an individual's social status within the group. Dominant individuals can monopolize access to both food and safer areas by displacing subordinates (Schneider 1984; Ekman 1987; Barta and Giraldeau 1998; Hirsch 2007; Stillman and Goss-Custard 2010) . Subordinates potentially suffer significant fitness costs due to their association with dominant individuals, with several studies showing increased mortality rates among subordinate individuals (Schneider 1984; Desrochers et al. 1988; Buston 2003) . It may be that there is no other option to access resources than joining a group (Gaston 1978) or that subordinates are simply awaiting the chance to become dominant (Eberhard 1975 ), but otherwise it may seem that subordinates provide advantages in both food finding and predator defense to dominants with little benefit to themselves.
It has been suggested that the movements of groups in some species actually consist of subordinates attempting to escape pursuing dominants (Baker 1978) . While trying to escape, subordinates would appear to influence group movement and perhaps arrive at food sources first, and initiate foraging events, while dominant individuals follow or "herd" these individuals (Baker 1978; Rohwer and Ewald 1981; Clifton 1991; Stahl et al. 2001; Liker and Barta 2002) . In this situation, dominant individuals would scrounge information from subordinates (Barnard and Sibly 1981; Giraldeau and Dubois 2008) whilst still prioritizing access to food and gaining anti-predation benefits from being surrounded by subordinates. Alternatively, as dominance often correlates with age, dominant individuals could be assumed to be more experienced which could improve predator avoidance and food finding for all individuals within the group (Ekman 1989; McComb et al. 2001) . In this scenario, dominant individuals act as "keystone individuals" (Modlmeier et al. 2014) with a large amount of influence over group behavior. This would lead to these dominant individuals initiating group movement and foraging events, while subordinates follow in the hope of being able to access a food source discovered by a more experienced individual or benefit from their superior predator detection abilities (Krams 1998; Ratcliffe et al. 2007; Freeberg and Mahurin 2013) .
Empirical evidence for the "shepherding" hypothesis and "dominant leading" hypotheses is mixed. Several primate studies indicate that a single dominant individual will lead the group (Seltmann et al. 2013 ) while others suggest that almost every individual is involved in decision-making (Conradt and Roper 2005; King et al. 2009 ). In ungulates, older or more dominant individuals have been shown to act as keystone individuals and consistently initiate movement in some species (Réale and Festa-Bianchet 2003) , while no clear effect was observed in others (Ramseyer et al. 2009) . Results from studies of birds are similarly mixed with some finding that no consistent individuals influenced group movement while others found that subordinates arrived first (Stahl et al. 2001) or clear evidence of dominant individuals leading the group (Radford 2004; Tóth and Griggio 2011) . A study of great tits (Parus major) found that decisions regarding group foraging events did not hold a significant relationship with estimated dominance, but was related to individual differences in exploratory behavior (Aplin et al. 2014) .
We might expect certain personality types, such as faster explorers or bolder individuals, to be more likely to act as keystone individuals and influence group movement, due to their higher tendency to collect personal information or engage in risky or aggressive behaviors (King et al. 2009; Réale and Dingemanse 2010; Pruitt and Keiser 2014) . Conversely, slower explorers or shy individuals might be more likely to follow other individuals, therefore relying more heavily on social information. This has been found to be the case in several species, such as in barnacle geese (Branta leucopsis), where shy individuals were shown to utilize social information more than bolder individuals (Kurvers et al. 2009; Kurvers et al. 2012) , though a study of guppies (Poecilia reticulate) showed that bolder individuals were more likely to use social information as indicator of patch depletion (Trompf and Brown 2014) . This suggests that personality might affect an individual's tendency to be social, though results are mixed about exactly how. Some studies have found that bolder or more exploratory individuals avoid aggregations and lack strong associations (Pike et al. 2008; Croft et al. 2009; Aplin et al. 2014) , while others find that these types of individuals actually display a higher degree of sociality (Snijders et al., 2014; McCowan et al. 2015 ).
An individual's gregariousness and its specific associations with other members of the group could therefore have an important influence on the benefits received from being in a group. Individuals influencing group movement might need to balance their individual needs with their need to be social (Ioannou et al. 2015) . Studies of social networks within animals groups have shown that more connected, central individuals often receive and transmit social information faster, which can lead them to act as keystone individuals (Aplin et al. 2012; Vital and Martins 2013; Webster et al. 2013; Jones et al. 2017) . It might, therefore, be expected that these individuals will arrive earlier to foraging events. Individuals on the edges of networks might also not travel with the main group and might even "float" between multiple groups, meaning we might expect them to arrive far later to group foraging events (Brown and Long 2007) .
Given these ideas, knowing how individuals initiate and arrive at foraging events could improve our understanding about the benefits differing types of individuals receive by being in a group. If a certain type of individual is consistently influencing group movement, we would predict a higher probability of initiating and arriving early at foraging events. We examined group foraging events in wild flocks of a social bird species, the black-capped chickadee (Poecile atricapillus) utilizing a combination of automated recording of feeding behavior, personality assays, and social network analysis. We attempt to infer the influence of different types of individuals on group movement by examining how individuals initiate foraging events in relation to their dominance rank, exploratory personality, and social associations. We predicted that, if subordinates are influencing group movement by trying to escape pursuing dominants ("shepherding" hypothesis), we would see a higher tendency for subordinates to initiate foraging events. Alternatively if experienced dominants are influencing group movement ("dominants leading" hypothesis), we would expect them to be more likely to initiate foraging events. Based on studies of related species, we also expect more social, faster exploring individuals to be more likely to initiate and arrive earlier to foraging events (van Overveld and Matthysen 2010) . We also investigate the possibility that the effect of dominance rank is modulated by an individual's social associations and exploratory personality. If latency to arrive is governed mostly by how cohesively an individual moves with a flock, the behavior of high centrality individuals may be influenced less by their dominance rank compared to low centrality individuals. Alternatively, more social individuals might face increased competition , which might increase the value of arriving earlier for subordinates.
METHODS

Study species
Black-capped chickadees form social flocks of approximately 3-12 individuals during the nonbreeding season (Foote et al. 2010) . Membership of these flocks within a territory remains relatively stable throughout winter, resulting in a highly linearly-structured dominance hierarchy (Smith 1991; Schubert et al. 2008; Devost et al. 2016) . The exact reasons for the formation of these flocks are somewhat uncertain. One suggestion is that individuals can benefit from increased access to social information about food during the winter, due to the scarcity of resources (Smith 1991) .
Capture and marking
Black-capped chickadees were caught at 8 sites in and around Ottawa, ON, Canada between 26 September 2014 and 9 December 2014 using mist nets and potter's traps baited with sunflower seeds, in accordance with the regulations of the University of Ottawa Animal Care Committee (permit #1759) and Environment Canada's bird banding office (banding permit #10854). Upon capture, birds were fitted with a Canadian Wildlife Service-issued aluminum ring and a single plastic color ring. All birds were also fitted with a passive integrated transponder (PIT) tag embedded in a colored plastic band (IB Technology, UK), for automated recording of arrivals and departures to feeders. This tag weighed less than 0.15 g, approximately 1% of a bird's body mass.
Exploratory personality
Immediately after capture, birds were assessed for exploratory personality using an open field cage test (adapted from Kluen et al. 2012) . Previous studies have found that this type of test can be a good proxy for exploratory behavior (Herborn et al. 2010) . Birds were released into a novel environment (commercially available bird cage; 40 × 60 × 40 cm) and their movements in the cage were recorded using a video camera for 10 min. Exploration speed was recorded as latency in seconds for an individual to contact all 4 corner regions of the cage. Individuals that failed to contact all four corners were assigned a personality score of 600 s. This measure has previously found to be moderately repeatable in this population (intra-annual R = 0 .39, Devost et al. 2016) 
Social networks
Between 29 October 2014 and 14 June 2015 each site was equipped with a sunflower seed feeder, which was refilled once a week. The feeder was fitted with a single perch, which restricted access to one individual at any moment. The perch contained a radio-frequency identification (RFID) antenna (Priority 1 Design, Australia), which recorded the arrival and departure of visits by PIT tagged individuals. Visits of the same individual with less than a 3-s gap between them were merged into a single visit, as observation of feeders suggested these records were more likely due to an interruption in signal between the PIT tag and the RFID antennae than separate visits.
Dominance hierarchies
The arrivals and departures of individuals detected by the RFID antennae during this time period were used to record displacement events. Depending on the number of times individuals were displaced or carrying out displacements, we calculated each individual's David's score (a standard dominance ranking method, based on an individual's proportion of wins and losses relative to the strength of their opponents : David 1987; Gammell et al. 2003 ) using the R package EloRating (Neumann and Kulik 2014; R Development Core Team 2016) . This method of calculating dominance from temporal data has been shown to correlate well with dominance ranks calculated from interactions extracted from video data (correlation between ranks calculated from a video and ranks calculated from RFID data: ρ = 0.77, P < 0.05, Evans et al., 2018) . The within group dominance rank was weighted between 0 and 1 (where 1 is the most dominant individual) to control for variation in flock sizes.
Network metrics
Social associations were determined from the RFID data using Gaussian mixture models (GMMs) which detects "bursts" of increased activity, to which individual feeder visits are assigned (Psorakis et al. 2012; Psorakis et al. 2015) . Following the gambit of the group approach (Franks et al. 2010) , individuals co-occurring in the same foraging event were categorized associating. For each site, a separate undirected weighed social network was constructed using the simple ratio index (SRI) (Cairns and Schwager 1987) , a measure of association between individuals which ranges from 0 (pair never seen associating) to 1 (never detected apart), using the R package asnipe (Farine 2013) . From these, we calculated weighted degree centrality, eigenvector centrality and closeness centrality of each individual using the R package sna (Butts 2016) . Weighted degree centrality (hereafter weighted degree) is an individuals' number and strength of direct connections, and can be seen as a general measure of how social an individual is (Wey et al. 2008 ). Eigenvector centrality is proportional to the sum of the centralities of an individual's neighbors and is generally seen as an indication of an individual's connectedness in the network, describing both their direct and indirect relationships (Brent 2015; Farine et al. 2015) . It is frequently used to study information flow through networks and determine how influential a group member might be (Borgatti 2005; Aplin et al. 2012; Jones et al., 2017) . Finally, closeness centrality is how close an individual is to other individuals, as determined by the length their relationship with all other individuals of the same social network (Wey et al. 2008) . Weighted degree and eigenvector centrality were found to be moderately repeatable on a week by week basis within this system, weighted degree: R = 0.36, eigenvector centrality: R = 0.48, while closeness has been found to have low repeatability: R = 0.15 (Jones et al., in review) .
Foraging events
From 5 January to 16 January, each site's feeder was moved to a location 100 ± 5m in a random direction. Feeders were moved after dark to avoid unintentionally informing flocks of the new location. While in this position feeders were replenished every 2 nights to prevent them from being depleted. After 8 to 10 days, the feeder was returned to its original location. This procedure was repeated from 21 January to 30 January 2015. GMMs were applied to the RFID data recorded while the feeder was in these positions to detect individual foraging events. For each of these foraging events, we calculated the proportion of times an individual was the first individual to land on the feeder and each individual's latency to initial arrival (in seconds from the arrival of the first individual). The latter measure gives both the order of arrival and information about the speed at which individuals joined the rest of the group at a foraging event.
Statistical analyses
In order to examine how these measures varied depending on individual and social traits, we used generalized linear mixed models (GLMMs) fitted using the lme4 package (Bates et al. 2015) . We excluded birds recorded in less than 5 separate sampling weeks from final analysis, as these individuals might bias results due to being present in fewer foraging events. The first model fitted the proportion of times an individual arrived first of a burst on a feeder per day, utilizing a binomial error structure. Individual dominance rank, a measure of sociality, exploratory score, and all possible 2-way interactions were fitted as fixed effects. Additionally, the days since the feeder was moved was also included so as to control for changes in foraging behavior as the novelty of the patch decreased. Site and individual ID were treated as random intercepts to account for differences in flock sizes and sites. All continuous variables were rescaled to between 0 and 1 and grand mean centered. The second model was similar but used individual's latency from first arrival in each burst containing more than one individual as a response, using a Gaussian distribution. Model selection was carried via AIC selection using the package MuMIn. All generated candidate models were ranked by the AICc score. When there were multiple competing models within Δ2AICc of the top model, model averaging was carried out (Symonds and Moussalli 2011) . These analyses were repeated for all three measures of sociality. The results of the analysis of closeness centrality are presented in the supplementary information. Non-network metric effects were considered significant if their confidence intervals did not cross zero.
Comparisons to permuted networks
In order to validate the social networks used in these models (ensuring that the patterns observed were not simply due to random associations), 1000 increasingly random social networks were generated for each site using data-stream permutation (Farine 2013) . Each network was created by swapping a pair of observations between different foraging events. As with the real data, each individual's network metrics were recalculated using these permuted networks. For each of the 1000 permuted networks, we recalculated all global models. The sizes of the coefficients from these models were then compared to the size of coefficients of the global models based on the original data. A P value was calculated as the proportion of times a coefficient based on the permuted data was more extreme than the coefficient computed from the real data (Farine, 2013) . A network metric effect was considered significant if this P value was less than 0.05 and the coefficients' confidence interval did not cross zero.
RESULTS
A total of 89 chickadees were caught and recorded as visiting a feeder. While the feeder was in standard position, a total of 2 08 470 foraging events were detected across all sites and used to construct social networks. Comparison of the networks generated at each site to 1000 permuted networks indicated that the social networks based on these foraging events displayed significantly higher variation in association than would be expected if individuals were associating randomly (Supplementary Figure 1) . Weighted degree ranged from 0.48 to 4.53 with a mean of 2.23 ± 1.12 SD. Eigenvector centrality ranged from 0.07 to 0.53, with a mean of 0.31 ± 0.12 SD. Latency to explore ranged from 51 s to 600 s, with a mean of 370.17 ± 182.59 s (Supplementary Figure 2) . Of the 89 birds, 63 had network, dominance and personality data recorded, and visited the feeder whilst it was in the novel positions. For the approximately 2 weeks the feeders were in novel positions, a total of 5205 foraging events containing these individuals were detected, of which 3795 involved more than one individual and were used for analyses. Bursts containing more than one individual lasted an average of 332.91 ± 241.39 s, and ranged from 2 to 13 individuals foraging concurrently.
Initiation of foraging bouts
When examining the probability of a certain type of individual initiating a foraging event with weighted degree as the measure of sociality, model selection suggested 3 candidate models within
Δ2AICc of the top model (Supplementary Table 1 ). After carrying out model averaging and comparing the coefficients of the global models to those predicted by permuted networks (Table 1 , Supplementary Figure 3) , the estimates suggested that an individual's probability to initiate a foraging event was dependent on dominance and an interaction between weighted network degree and dominance (Figure 1) . In a similar analysis with eigenvector centrality as the measure of sociality, model selection suggested 3 candidate models within Δ2AICc of the top model (Supplementary  Table 2 ). After carrying out model averaging and comparing the coefficients to those predicted by permuted networks (Table 4 , Supplementary Figure 4) , the estimates suggested that an individual's probability to initiate a foraging event was dependent on its network position and dominance (Figure 2 ).
Amongst individuals with lower weighted degree, dominant individuals were slightly more likely to initiate a foraging event whilst there was almost no effect of dominance among individuals with higher weighted degree. This is somewhat in contrast to the result found when utilizing eigenvector centrality: amongst individuals with a low eigenvector centrality, subordinate individuals were slightly more likely to initiate a foraging event. Among individuals with a high eigenvector centrality, this relationship was reversed, with dominant individuals more likely to initiate a foraging event (Figure 2) . This difference appears to stem from how strongly both network metrics predict the probability of initiating a foraging event (Tables 1 and 2 ). It might be speculated that frequently being followed would lead to an individual having more connections with other highly connected individuals. This would make eigenvector centrality a better predictor of an individual's influence on group movement, rather than simply having many strong connections (Brent 2015; Firth et al. 2017) . However, in this case, it seems more likely that the slight variation between these metrics is mostly related to differences in their relationship with dominance and the complexity of the interactions. The weaker effect size of weighted degree coupled with a slightly greater variation in dominance ranks among individuals with high weighted degree leading to the interaction reported (Table 1) . It should also be noted that the positive interaction between eigenvector centrality and dominance is not significantly different from permutations (Table 2) . Though all candidate models for both network metrics included latency to explore, the effect sizes were not particularly strong (Tables 1 and  2 ). However, estimates did suggest that slow explorers were slightly more likely to initiate a foraging event if they were less social, while the relationship reversed if they were more social (Figure 2 ). Figure 3) . For component models, see Supplementary  Table 1 . Degree is weighted degree centrality.
Latency to join a foraging bout
AIC ranking of models of the latency to join a foraging event suggested a single top model for models using weighted degree and eigenvector centrality (Supplementary Tables 3 and 4 ). Both these top models (Table 3 and 4) suggested that sociality and dominance were the primary factors affecting how quickly an individual joined a foraging event. Comparing the magnitude of effect sizes to those of the same model using permuted network data (Supplementary Figure 5 and 6) showed that the negative effect of sociality on arrival times was far stronger than would be expected from random associations. Additionally, the effect of interactions between sociality and dominance were found to be significantly higher than would be expected from permuted networks. Subordinate individuals with a higher weighted degree were more likely to arrive slightly earlier to a foraging event, while individuals with a low weighted degree were more likely to arrive earlier if they were dominant (Figure 3 ). The effect of dominance was far stronger in less social individuals.
Similarly, individuals with a higher eigenvector centrality were more likely to arrive earlier to a foraging event, while individuals with a low centrality were more likely to arrive earlier if they were dominant (Figure 4 ). Though the top models included latency to explore, the effect on arrival times appeared to be nonsignificant.
DISCUSSION
Understanding how different individuals within a group can influence movement could reveal a great deal about the overall benefits provided by a group, which individuals benefit the most and the mechanisms by which stable groups might form. In this study we bring together social network analysis, dominance hierarchies and personality datasets to examine the factors that affect an individual's tendency to initiate foraging events and latency to join, and infer the types of individuals that can influence group movement. We find that the influence of dominance and exploratory personality on arrival to foraging events depends heavily on network Figure 4) . For component models, see Supplementary Table 2. position, highlighting the need to take network metrics into account when examining the influence of individual traits on group movement. Our results suggest that the probability of an individual initiating a foraging event and how quickly it joins a foraging event will be highly dependent on its dominance rank. However, the nature of this effect will depend on its position within a social network. To our knowledge, this is one of the first studies that has examined how sociality and individual traits can interact to affect group foraging behavior in stable groups. Previous studies of related species forming fission-fusion foraging groups suggested that dominance might have a negligible effect on how an individual joins a foraging event, compared to personality traits (Aplin et al. 2013; Aplin et al. 2014) . While exploratory personality appeared to have some slight influence on less central individuals' probability of initiating a foraging event, the effects observed in our study were fairly small. If this is the case, these results suggest a difference in the leadership of individuals in fission-fusion groups and those in stable groups with linear hierarchies. Estimated probabilities of individuals initiating a foraging event were generally somewhat low, possibly suggesting that the individual that first lands on the feeder might be more driven by current need for food or willingness to take risks (van Oers et al. 2005; Thomson et al. 2012) . However, dominance rank had a clear influence on the probability of an individual initiating a foraging event, depending on an individual's position within the social network. Within more generally social individuals (possessing a higher weighted network degree indicating a greater number of strong connections) dominance did not appear to affect the probability of individuals initiating a foraging event. This might suggest that being social might indicate an individual frequently travels with the group in quite a cohesive way, which may provide a perception of safety making all individuals equally likely to engage in risky behavior (Elgar 1989; Mónus and Barta 2011) . The lack of any clear effect and the fact having a large number of strong social connections does not necessarily indicate influence within a group means this result does not support either the "dominant leading" hypothesis or the "subordinates leading" hypothesis. However, when examining the interactions between dominance and eigenvector centrality, dominant individuals with high eigenvector centrality were most likely to initiate a foraging event. This supports the idea that dominant individuals are more likely to influence group movement as keystone individuals, arriving first at a patch, maybe due to others benefitting from their experience ("dominant leading" hypothesis). Similarly, previous studies have found that dominant individuals have a lower tendency to use social information and a higher probability to initiate foraging events (Radford 2004; Chiarati et al. 2012 ). More central individuals may also generally be able to exert more influence over group behavior (Vital and Martins 2013) . The effect of dominance on latency to arrive appeared to be slightly negative in individuals with a higher weighted degree, with subordinates predicted to arrive slightly earlier, perhaps indicating that these individuals are quicker to join an ongoing foraging event, perhaps in order to forage before getting displaced by more dominant individuals (Ficken et al. 1990; Barta and Giraldeau 2000; di Bitetti and Janson 2001) . This effect was somewhat negligible among high eigenvector centrality individuals, with these individuals generally arriving earlier to a foraging event regardless of rank. This could suggest that more central Estimates in seconds from arrival of first individual from top model as determined by AIC (see Supplementary Table 3 ). Significant terms in bold. P values obtained by comparisons with permuted networks (see Supplementary Figure 5 ). Degree is weighted degree centrality. Estimates in seconds from arrival of first individual from top model as determined by AIC (see Supplementary Table 4 ). Significant terms in bold. P values obtained by comparisons with permuted networks (see Supplementary Figure 6 ).
individuals follow more cohesively and thus are equally likely to join a foraging event quickly, whatever their dominance rank. This would be similar to studies that have shown how information can pass through a network via individuals' social associations, with more central individuals receiving information earlier (Aplin et al. 2012; Webster et al. 2013; Jones et al. 2017 ). Among individuals with lower weighted degree, there was a positive relationship between the probability of initiating a foraging event and dominance, with less social dominant individuals being more likely to initiate a foraging event. This contrasts with the higher weighted degree individuals, where dominance appeared to have very little effect, which may give further credence to the idea that individuals with a greater number of strong connections might be more cohesive, resulting in dominance rank mattering less (Mónus and Barta 2011) . Within individuals with lower eigenvector centrality the pattern of likelihood to initiate a foraging event was reversed, though low eigenvector centrality individuals were generally slightly less likely to initiate a foraging event than more central individuals. Our models suggest that low eigenvector centrality subordinates were more likely to initiate a foraging event than dominants of equal eigenvector centrality, thereby possibly providing some support for the shepherding' hypothesis. Similar patterns have been found in both bird and fish species (Clifton 1991; Stahl et al. 2001) . These results might be explained by differences in how individuals move with the flock or differences in individual risk taking behavior (Seok An et al. 2011) . Subordinates on the periphery of the flock might be more likely to take risks in order to access resources before a dominant individual displaces them and monopolizes the resources (Ficken et al. 1990; Barta and Giraldeau 2000; di Bitetti and Janson 2001) . Less central subordinates might therefore be more inclined to forage away from the group, initiating foraging events which other flock members join later (Stahl et al. 2001 ). This might also indicate a lack of reliance on social information from the rest of the flock. Though some studies have suggested that subordinates are more likely to use social information than dominants (Aplin et al. 2014; Keynan et al. 2015) , an individual lacking in social connections is unlikely to have the same access to information as more central individuals.
The effect of dominance on latency to arrive appeared far stronger among individuals of low sociality, in both network metrics. Dominant individuals with low eigenvector centrality were more likely to arrive sooner to a foraging event than subordinates of equivalent eigenvector centrality, despite their probability to initiate the foraging event being lower. Similarly, dominant individuals with less social connections were also likely to arrive earlier than subordinates of similar weighted degree. This might reflect dominant individuals' ability to quickly gain access to a food source during a group foraging event (di Bitetti and Janson 2001). Alternatively this could be attributed once again to low centrality subordinates' propensity to forage away from the main flock, making them slower to discover and join a foraging event (Liker and Barta 2002; Seok An et al. 2011) . Additionally, though we assume the first individual to land on the feeder initiated the event (we present a simulation of the possible influences of unmarked individuals in Supplementary Material, showing that we would have to fail to mark a large number of individuals to result in large errors about effects, see also: Silk et al. 2015 for discussion about the influence of unmarked individuals on network studies), it is possible that this individual is not the first to arrive in the area of the feeder, but merely the first to take the risk of leaving cover and landing on the feeder. In this case it might benefit dominant individuals (who might have lower resource needs) to allow subordinate individuals to land on the feeder first and displace them once an area appears safe (Ficken et al. 1990) . Similarly, among more central individuals, subordinate individuals might arrive earlier to a patch but allow dominants to land on the feeder first to avoid conflict or allow a more experienced individual to make the first move.
Our results did not seem to indicate any consistent evidence of "herding" of subordinates by dominants, with results varying depending on individuals' sociality. More central dominant individuals had a higher probability of initiating foraging events than subordinates of similar centrality, which suggests dominants are more likely to influence group movement as keystone individuals, and sufficiently connected subordinates follow cohesively. This fits with the results of several studies finding that dominant individuals are more likely to influence group movement or initiate a foraging event (Chiarati et al. 2012; Jolles et al. 2013) . However other studies found the opposite result, with dominant individuals more likely to follow or prefer to join an ongoing foraging event (Liker and Barta 2002; McCormack et al. 2007 ). Our results suggest, for the first time, that the "shepherding" hypothesis and "dominant leading" hypotheses are not mutually exclusive, and which strategy dominant individuals adopt will be highly dependent on the level of social information an individual has access to. This might explain discrepancies in previous studies examining the shepherding hypothesis (Ekman and Askenmo 1984; Giraldeau et al. 1990; Tiebout Iii 1996) . Without better information about the exact cohesion of the group and the activity at the patch around the feeder, it is difficult to fully explain the observed patterns. This would require explaining how much of the group foraging behavior recorded here were due to energy state, how much is due to a general need to be social and how much is due to individual's preferential associations . Better understanding how individuals influence group movement will also require working out how much of an individual's centrality can be explained by their tendency to be followed. This would help distinguish whether the patterns seen are due to better food finders being more likely to influence group movement (occupying more central positions) or if more central individuals are simply more cohesive followers in general (King et al. 2011; Vital and Martins 2013) .
Though previous studies have suggested that individuals' exploratory personalities might have a strong effect on their foraging and group-joining decisions (Kurvers et al. 2009; Aplin et al. 2014) , these effects appeared to be fairly weak in our study. The difference between our results and those found in previous studies may be due to differences in stable groups compared to fission-fusion groups. It is also possible that, if the type of advantage gained from these stable groups requires individuals to maintain high level of cohesion above all else, then significant differences in foraging strategies in link with personality might not emerge. Once again, understanding the importance to individuals of maintaining cohesion compared to following their social preferences would help us better understand these ideas . Additionally, understanding if an individual's personality affects their propensity to influence group movement may require the examination of some other potential personality traits beyond exploratory behavior. How the tendency to be social might be influenced by an individual's personality should also be considered when assessing how a trait influences the joining of group foraging events.
In conclusion, our study shows that the interaction of individual and social traits can affect how individuals initiate and arrive at group foraging events. Results suggested that dominance plays a key role in which individuals are likely to be influencing group movement, but this is strongly influenced by an individual's sociality. These differences indicate that neither the shepherd hypothesis nor the dominants lead hypothesis alone can fully explain group movement, and provide the new perspective that they may not be mutually exclusive. This reinforces the importance of considering individual associations when examining group movement. Future studies would benefit enormously from more detailed knowledge of how individuals move between patches and about how patch distribution and risk might influence the patterns seen. This could help bring new insight into how stable groups form and the exact benefits individuals receive from joining them.
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